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ABSTRACT _

BRYANT, KA.; YOUNG, RW., and PRICE, D.M., 1996. Tsunami as a major control on coastal evolution, southeastern
Australia. Journal o( Coastal Research, 12141,831-840. Fort Lauderdale (Florida), ISSN 0749-0208.

General concepts of coastal evolution of the southeastern Australian coastline during the Late Pleistocene involve
barrier formation by wind and swell waves during marine transgressions and formation of rock platforms by chemical
and mechanical weathering at rates of 1-;' mm yr '. Where evidence indicates rapid change, storms are often invoked
as the' causative mechanism, These concepts ignore the important role of a repetitive, rapid, catastrophic tsunami in
both coastal erosion and accretion. The impact of a tsunami can be distinguished by four signatures: uncemented
clastic deposits; boulders that are imbricated, stacked and uniformly aligned; constructional features; and erosional
bedrock sculpturing. The boulder deposits occur at elevations above both the measured and theorised limits of storm
wave action. Bedrock sculpturing has not been attributed previously to marine processes but rather to catastrophic
water flow from icesheets or ice-dammed lakes, a phenomenon which has never influenced the mainland coast of
Australia during the Pleistocene. Thermoluminescence dating has shown that tsunamis in southeastern Australia,
while eroding most Last Interglacial and interstadial barriers, have also contributed to the construction of many
present barriers. They have also shaped the rocky coast by modifying raised platforms and in extreme cases ripping
enormous slabs of bedrock from promontories and cliff faces lip to heights of 40-50 m. A change in emphasis in the
current thinking regarding the processes responsible for coastal evolution is needed in coastal geomorphology to
include the impact of repetitive tsunamis which are capable of dramatically and irrevocably modifying a landscape
over very short periods of time.

ADDITIONAL INDEX WORDS: s-forms. bedrock sculpturing, catastrophic lI'a('es, thermoluminescence dating, barri
ers, platforms; ciif]«.

INTRODUCTION

At first sight, the New South Wales South coast appears
unlikely to have been afTected by rapid change during the
Late Quaternary. The coast from Sydney south to Kioloa
Beach (Figure 1) is cut almost entirely in the gently dipping
Permo-Triassic rocks of the Sydney Basin, Along most of this
section of the coastline, there is a close coincidence of topog
raphy with the dip of the rock, so that coastal features often
exhibit structural control. South to the Victorian border, the
coastline is cut mainly in the metamorphic and crystalline
rocks of the Lachlan Fold Belt and structural control is less
evident. The descent of mid-Oligocene (30 rna) basal ts to ap
proximately modern sea level, the presence of sediments of
Oligocene age at modern sea level, the occurrence of Early
Miocene estuarine deposits at the level predicted by world
wide sea-level curves, Oligocene silcrete and Miocene laterite
descending to modern sea level, deep kaolinisation of proba
bly Late Cretaceous to Early Tertiary age at elevations as
low as +50 m, and the outcrop of Cretaceous trachytic lavas
and tuffs at modern sea level comprise a compelling array of
evidence attesting to long term tectonic stability of the coast-
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line (YOUNG and BRYANT, 1993). Analysis of the Last Inter
glacial, Stage 5e high sea-level stillstand for Australia indi
cates that the New South Wales coastline forms a hinge line
for tectonic warping of the Australian plate (BRYANT, 1992).
While substantial uplift has occurred southwards into Vic
toria and Tasmania, Stage 5e sea-levels along the New South
Wales South coast were no more than 4-6 m higher than
present, a fact supported by field evidence and in agreement
with the worldwide reference level for that time (YoUN(; et
al., 1993bl. Finally, unlike the temperate coasts of the North
ern hemisphere, the coastline has not been affected by glacial
ice or outwash during the Pleistocene.

Tsunami have been identified as a significant geomorphic
process along the South coast at high sea-level stillstands
during the Late Pleistocene (YOUNG and BRYANT, 1992; BRY
ANT et al., 1992a, 1995; BRYANT and PRICE, 1995l. The term
tsunami is used in the broadest sense to refer to any repeti
tive and suddenly generated wave having a period greater
than 60 s and a height at shore in excess of 2 m. Tsunami
have acted at two scales depending not only upon the config
uration of the coast, but also upon the magnitude of the tsun
amigenic event. At the smaller scale, beaches have been ov
erwashed, boulders re-deposited in aligned imbricated piles
and bedrock surfaces sculptured (BRYANT, et al., 1992;
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Uncemented Clastic Deposits

Tsunamis can transport a range of sorted and unsorted
clastic sediment to the coast. These include widespread sand
layers deposited in marshland, mixtures of sand and boul
ders, and boulder piles (DAWSON, 1994). The deposition of
pure sand in layers over lowlands has been widely reported
for Scotland (DAWSON et al., 1988), the west coast of the Unit
ed States (ATWATER, 1987; DARIENZO and PETERSON, 1990)
and Canada (CLAGUE and BOBROWSKY, 1994). Units tend to
consist of one or two distinct laminae (DAwSON et al., 1991).
Only one deposit of this type has so far been identified in
New South Wales (BRYANT et al., 1992a). More commonly in
New South Wales, sand layers less than 1.5 m thick and con
taining isolated boulders have been linked to tsunamis (BRY
ANT, et al., 1992a and b; YOUNG et al., 1995). While such
deposits may also be formed by storm waves superimposed
upon storm surges during tropical cyclones (for example dur
ing Hurricane Iniki in Hawaii in 1992, THE HONOLULU AD
VERTISER, 1992), the New South Wales deposits can extend
to elevations of20 m above sea level well above the maximum
storm surge limits of 1.0-1.5 m measured or theorized for the
coast (BRYANT, 1991). Chaotic mixes of sediment containing
boulders are also well documented for both modern and in
ferred tsunami deposits (MOORE and MOORE, 1988; DAWSON,
1994; MOORE et al., 1994). Similar deposits, often mixed with
shell are extensively preserved along the New South Wales
coastline (BRYANT et al., 1992a).

Constructional Features

Imbricated and aligned boulder deposits indicative of tsu
nami transport have only been reported so far from the New
South Wales coastline (YOUNG et al., 1995). Here boulders up
to 49 m' in size, weighing as much as 90 tonnes and requiring
tractive forces exceeding 100 kg/m- have been shifted, imbri
cated and stacked on top of each other in a step fashion at
Jervis Bay during the Late Holocene. These fabric character
istics cannot be readily attributed to swell or storm waves but
are analogous to boulder deposits formed by large-scale uni
directional flows in fluvial environments (KESEL and LoWE,
1987). Such deposits appear at the top of cliffs 33 m above
present sea-level. These altitudes exclude storm waves which
even during the 1 in 80 year storm of 1974 did not surge over
platforms 7---8 m above sea-level. Tsunamis appear more ap
propriate as a mechanism to lift such large blocks to the top
of these high cliffs and to produce the observed stacking.

Boulder Fabric

clastic deposits; boulders that are imbricated, stacked and
uniformly aligned; constructional features; and erosional bed
rock sculpturing. While the classification is based upon evi
dence obtained from the southeastern coast of Australia, var
ious attributes have been documented elsewhere in the
world.
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YOUNG and I3RYANT, 1992; YOUNG et al., 1995). At the larger
scale, ramps have been formed or extensively modified along
cliffs, the ends of headlands rising over 20 m above sea-level
have been truncated and pre-Holocene marine barriers erod
ed so that only scattered remnants are preserved (YOUNG
and BRYANT, 1993; BRYANT et al., 1995). This activity has
occurred repetitively over the last 110 ka, with one event tak
ing place at the end of the Last Interglacial and at least 3
events taking place during the Late Holocene (YOU"'G and
BRYANT, 1992; BRYANT et al., 1992a). The geomorphic sig
nature of tsunami impact is so well organised and defined
that it is unusual that it has not been recognised along other
coastlines of the world. This paper summarises the evidence
for repetitive tsunami reworking of the coastline of southern
New South Wales and also of the Gippsland Lakes region of
Victoria (Figure 1). Based on this evidence, there is a need
for a change in emphasis in coastal geomorphology, from an
approach which assumes that coastlines are formed by grad
ualistic processes to one which considers the inheritance of
catastrophic events such as tsunamis upon coastal land
scapes and their subsequent modification by low magnitude
processes.

Figure 1. Location map of the New South Wales South coast and Gipps
land Lakes region of Victoria . •- loca tion of anomalous tsunami deposits
dated around 22-26 ka.
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THE GEOMORPHIC SIGNATURE OF TSUNAMI

The signature of tsunami impact upon the coastal land
scape can be grouped under four broad headings: uncemented

A tsunami has also been proposed as being responsible for
the formation of a range of constructional features along the
New South Wales coastline. Sand lamina often form wide,

Journal of'Coastal Research, Vol. 12, No.4, 1996



IGCP 367 Special Section 833

Figure 2. Examples of some of the sculptured s-forms produced by the
tsunami event at Tura Point. The flutes are situated on the north face of
a 14 m high cliff facing the tsunami which came in from the northeast.
Superimposed on the sides of the flutes are cavettos. A muschelbruch
s-form, subsequently modified by weathering, lies in the foreground. The
camera lens cap on the muschelbruch rim is for scale.

splayed barrier units, while sand and cobbles have been
moulded into mounds, beach ridges and chenier-like features
dating as Late Holocene in age (BRYANT et al., 1992a). Many
forms could easily be mistaken for ice-pushed or wind-wave
built features. However, the coastline has never been affected
by ice during the Pleistocene let alone the Holocene. Many
forms also appear in sheltered environments where refracted
swell simply did not have the energy required to construct
the forms (BRYANT et al., 1992a). The constructional features,
which were apparently emplaced under repetitive tsunamis,
can account for a significant portion of some Holocene coastal
barriers and estuarine infills.

Erosiorial Bedrock Sculpturing

The erosional aspects of tsunamis are imperfectly docu
mented and poorly understood. On the small scale, tsunami
jetting and overwashing of bedrock surfaces can generate vor
tices that sculpture bedrock in the same manner as has been
documented for unidirectional, high velocity flow commonly
associated with sub-glacial environments (SHAW, 1988;
SHARPE and SHAW, 1989; KOR et al., 1991) or mega-floods
originating from glacial icesheets (BAKER, 1981). Such sculp
tured forms have been labelled s-forms (KOR et al., 1991) and
were first attributed to tsunamis along the New South Wales
coastline by YOUNG and BRYANT (1992). Since then the com-

Figure 3. The arrow marks a canyon structure cut through the 20 m
high headland at Atcheson Rock at Bass Point. This canyon has a north
east to southwest orientation that is not structurally controlled and which
parallels the alignment of other canyon structures in the area. YOUNG

and BRYANT (1993) linked these features to a large tsunami (probably
the Tura event) approaching the coast in the photograph from the bottom
left. Evidence exists in the cutting for subsequent downcutting of 2-4 m
by a Holocene tsunami, sweeping along the coast from the southeast. The
direction of this event is linked to the orientation of imbricated and
aligned boulders stacked along cliffs at Jervis Bay, 50 km south (YOUNG

et al., 1995). The latter event also draped a chaotically sorted boulder,
sand, shell layer 0.5-2 m thick over the headland to the right of the gap.
The TL age of the sand is 2.3-4.3 ka (W1782-83); the radiocarbon age of
the shell is 0.77 ka (Beta78894).

plete suite of s-forms described for sub-glaciated landscapes
(KOR et al., 1991) has been found on tsunami swept head
lands and platforms along the New South Wales coastline.
The forms include muschelbriiche, sichelwannen, cavettos,
flutes and cavitation marks (Figure 2). The features are both
a product of the Last Interglacial and Holocene tsunami
events and are often orientated in the same direction as as
sociated tsunamigenic boulder deposits along the adjacent
coastline (YOUNG et al., 1995). A complete description is not
possible here and will be reported in greater detail elsewhere.

Not only are tsunamis capable of generating smoothed bed
rock sculptured features; but on a larger scale, they are also
responsible for some of the cliff and headland morphology pres
ent along the coast (YOUNG and BRYANT, 1993). In extreme
cases, tsunamis, such as the one which deposited boulders 33
m above sea-level at Jervis Bay, also swamped cliffiines rip
ping slabs of bedrock up to 6 m in diameter from promontories
and cliff faces as high as 40-50 m above sea level (Figure 4).
Tsunami sculptured terrain is characterised by irregular bed
rock landforms developed on headlands usually rising more
than 5 m above sea level. The headlands have inherited mor
phology produced by long term erosional weathering processes
and probably repeated tsunami events. The largest tsunami
event identified to date is the Tura Point event attributed to
a cataclysmic landslide from the island of Hawaii about 105
ka (MOORE et al; 1989). This slide swept sediment to eleva
tions of 326 m above present sea-level on the Island of Lanai,
and deposited 3 beds of boulder debris to elevations of 50 m
(MOORE and MOORE, 1984). YOUNG and BRYANT (1992) pos
tulated that the slide also sent a wave into the south Tasman
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COASTAL EVOLUTION CONTROLLED BY
TSUNAMI

Figure 4. Cliff erosion due to a Holocene tsunami event from the south
east at Little Beecroft Head on the north side of Jervis Bay. North is at
the top of the photograph. The headland in the background extends 35
m above sea-level. Normally imbricated blocks up to 2 m in length were
deposited at the top of the headland (YOUNG et al., 1995). Blocks up to 6
m in length have been ripped off the cliff face by tsunami and shoved into
the gully separating the headland from the main cliffline.

Sea that overran headlands to elevations of at least 16 m.
While the type location is Tura Point, erosion is manifest along
the coast at Mullimburra Point, Bannister Head, Bass Point
and Windang Island (Figure 1). The event produced or greatly
modified ramps that extend from modern sea level to heights
of 30 m, often along vertical cliff faces (YOUNG and BRYANT,
1993). High velocity overwashing stripped the ramp surfaces
by generating lift forces that plucked joint-controlled rock slabs
from the underlying bedrock.

Sometimes, flow either accelerated under the effects of
gravity and jetted down the steeper sides of some headlands
or was focused by wave refraction effects. Where this has oc
curred, erosive channelisation has produced cutting at the
back of some raised platforms YOUNG and BRYANT (1992).
Linear canyon features 2-7 m deep or pool-and-cascade fea
tures incised into resistant bedrock have formed on the lee
side of steep headlands (Figure 3). The features preserve
crude indicators of the direction of tsunami approach in that
they tend to dip downslope parallel to the inferred direction
offlow. In some cases, it is difficult to determine whether the
erosion at the back of headlands represents flow channel
isation or simply the -erosive impact of enormous waves
breaking over headlands. Thus, many platforms evidence a
raised ramp or butte-like structure at their seaward edge sep
arated from the shoreline by an eroded depression. The forms
are best developed at Windang Island, Atcheson Rock south
of Bass Point (Figure 3), Kittys Point south of Jervis Bay and
Durras Beach south of Kioloa. No other explanation has yet
been found in the literature to account for the generation of
these detached forms other than by catastrophic tsunami
wave impact.

Identification of remnant Pleistocene and Holocene marine
deposits shows that such features were once extensively de
veloped along this coast and that their destruction, as hy
pothesised here by tsunamis, left behind either stranded es
tuarine plains or highly dissected but overlapping sand de
posits (BRYANT et al., 1995; BRYANT and PRICE, 1995). For
the New South Wales South coast, this process has left a
coastline whose sandy portions have been interpreted as
sand-starved and recessional (THoM, 1983). In some in
stances, dated barrier sands appear anomalous with Late
Pleistocene humate sandwiched between Holocene beach and
estuarine deposits. The patterns of sedimentation do not fit
into the standard model for barrier construction defined for
the eastern Australian swell-dominated wave regime (YOUNG
et al., 1993a).

Thermoluminescence Dating Technique

Much of the stratigraphic re-interpretation has been sup
ported by the usage of thermoluminescence (TL) dating of
deposits supplemented by conventional radiocarbon methods
(BRYANT, et al., 1992a, b; YOUNG, et al., 1993a). The dating
of coastal sediments using TL is based upon the measure
ment of TL energy acquired by crystalline minerals since
their burial within a sedimentary unit. The technique used
here is essentially the combined regenerative/additive meth
od of READHEAD (1984) applied to the 90-125 micron quartz
fraction. More complete descriptions of the technique can be
found in BRYANT, et al. (1990) and PAGE et al. (1991). TL has
always been viewed as subject to a number of uncertainties:
a) incompleteness of bleaching prior to deposition; b) varia
tions in long-term water content; c) possible fluctuations in
dose rates due to weathering; or d) differential leaching of
uranium and thorium (HUNTLEY, 1985; NOTT and PRICE,
1991). However, recently the accuracy of TL has been as
sessed favourably against other dating techniques such as 14C
and uranium/thorium over a timespan of at least 65 ka (NAN
SON, et al., 1991). In near-coastal regions TL has been found
to correspond, within the error of the technique, to strati
graphically determined interglacial barrier chronologies over
the past 800 ka (HUNTLEY et al., 1993).

The greatest discrepancies in TL dating are produced by
partial bleaching and mobilisation of uranium and thorium;
but if these problems exist, they generally make the apparent
age of a sediment older. For instance in the well-drained,
raised marine sediments dated here, radioactive elements are
more likely to be leached from the sand bodies than to ac
cumulate within them if they become mobile. Thus, a Holo
cene dune or barrier may yield a Late Pleistocene age when
in fact it has formed within the last 10 ka. The presence of a
temperature plateau that includes the 325-375°C range, used
in calculating a TL age, can be used to assess the degree of
bleaching and the quality of the final age determination
(PRICE, 1994). Over 90% of the TL dates reported here dis
playa temperature plateau incorporating this band and
hence were not incompletely bleached.

When interpreting the TL ages of most of the marine coast-
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al barrier ages repo rted here, th e ages sh ould be viewed as
ma ximum ones. Additionally, th ere has been no surface re
sidual TL correct ion applied to a ny date; modern environ
mental equi valen ts for many sa nd bodies wer e not locally

Figure 5. Histogram of TL age dete rm inations of Lat e Pleistocen e ma
rine coastal deposits between 12-300 ka for the Gipps land lakes region
an d New Sou th Wales coast. Glacial an d int erg lacial st ages as defined by
th e globa l pa laeo-tem perature &180 curv e ( M ART INS O N et al ., 1987) arc
added for referen ce. The period covering the Las t Interglacial is shaded .

Chronostratigraphic Evidence for Tsunami

Th e New South Wales South coas t , whi ch is one of te ctonic
sta bility over the Late Qu aternary as descr ibed above, is
dom ina ted by remnant barriers often les s than 100 m in
len gth a nd usually tucked into sh eltered positions (BRYANT,
et al ., 1995). Th e remn ants have erosiona l bluffs on th ei r sea-

present. Note that the one standard devi ation placed upon
the TL dates is muc h grea ter th an that usually reported for
HC da tes, because it a ttempts to incorpora te the tota l exper
imenta l, environ mental as well as th e statistical uncertainty
assigned to each TL paramete r, and not just the sta t istica l
uncert a inty of the measurement technique. A hi stogram of
TL ages of marine deposits in southeaste rn Australi a is plot
ted in Figure 5. This figure is a composi te of published work
an d differen tia tes the ages of New Sou th Wales barriers
(BRYANT, et al., 1995 ) from those of the Gippsla nd Lakes re
gion of Victoria (BRYANT and PRlCE, 1995). The global t im ing
and dura tion of glacial and interglacial events, based upon
t he 1) '"0 chronology of MARTINSON et al. (198 7), is depicted
for reference a t the top of Figure 5. The per iod of the Last
Interglacial, when most Pl eis tocene barri er s in th e region are
interp ret ed as ha ving been form ed, has been sha ded . Note
too that in the following discussion the accepted peak for th e
Last Glacia l Maximum is taken as 22 ka based upon Urrh
mass sp ectrometry dating of cora ls (BARD et al., 1990), TL
an d liC ages , qu oted specifically in th e text, a re also sum
marised in Tables 1 and 2 resp ect ively.
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Tabl e 1. Thermolumine scence dat es used in d isti ngu ish ing sus pect tsun ami deposits in southeastern Australia

Th and U Standard
Depositional Palaeodose K Chains Annual Dose Temperature TL Age Deviation

Sample No. Env ironme nt (grays) ('7,. ) (Bq/k g) (~grays ) Platea u (OC I X ka X ka

Bellamb i Beach

W1213 tsuna mi overwash 31.0 ~ 3.7 063 31.5 ~ 4.0 1208 ~ 63 350- 500 25.6 3.3
W1214 Holocene beach 21.2 :~ 2.4 0.22 127 !- 4.0 2867 ::: 74 275-375 7.4 0.8
W1295 ts una mi overw ash 19.4 ~_ 1.6 0.37 1 7 . 8 ~4 . 0 884 :: 74 300-500 220 2.6
W1296 tsunami over wash 24.4 ~ 3.4 0.18 40.9 :: 4.0 1108 ::: 72 275-500 220 3.4
W1297 ts una mi over wash 17.3 ~ 1.7 0.33 13.7 ::: 4.0 752 ::: 73 275-500 230 3.2
W1402* pu mice 37.3 :!: 9.0 0.65 93 ~ 0.3 1477 z; 70 300--375 25.2 62

Atcheson Rock

W1782 tsunami overwash 3.2 ~ 0.4 0 09 24.1 ~ 0.8 742 ~ 51 300-400 4.3 0.6
W1783 tsunami over wash 1 5 ~ 0.2 0.11 182 :!: 0.5 636 ~ 50 300-375 2.3 0.4

Kioloa Beach

W1642 tsun ami overwash 19.6 ::': 2.8 0.10 29.8 ~ 0.9 779 ~ 46 275-4 00 25 2 39
W1664 es t ua rine 7.0 ~ 0.5 0.10 415 :!: 1.3 821 ~ 40 275-400 8 7 08

Gipps la nd Lakes

W1257 mar ine barri er 19.3 ~ 0.7 0.83 8.0 ::: 0.3 1036 ~ 43 275-425 18.6 1
W1434 ba rri er dune 68.4 ~ 6.6 0.47 20.2 ~ 0.6 1047 :!.; 50 275-500 65.4 7
W1435 barrier dune 70.4 c.; 5.4 0.50 24.7 .:: 0.8 1183 :!: 51 300-500 59.5 5.2
W1436 beach ridge 20.0 ::: 2.0 0.06 17.2 .= 0.5 547 ~ 49 275-500 36.5 4.8
W1437 raised beac h 216 ::: 29.0 060 14.4 ~ 0.4 1084 :- 50 350-5 00 199.0 28
W1555 mar ine barrier 39 7 :: 3.8 0.04 14.4 ~ 0 5 469 ::: 48 300-4 50 84.6 11.9
W1655 spit barrier 28.2 c.; 3.7 008 22.4 ~ 0.7 678 ::: 50 300-500 41.7 62

'Cos mic cont ribution to a nnua l radiation dose assumed to be 150 ugrays unless indicated. Specific activi ty leve ls measured by cal ibra ted thic k sou rce
alpha counting over a 42 mm scin t illa t ion screen ass uming secu lar equ ilibr ium
ZK and Rb levels determined by XRF
3A1 l TL determina tions a re car ried out on 90-120 microns quartz sa nd fract ion except where indica ted
' Fine gra in add it ive techni que used

Jo urnal of Coasta l Resear ch, Vol. 12, No. 4, 1996
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Table 2. Radiocarbon ages used in constraining the age of tsunami deposit s in southeastern Austra lia. Error terms are reported to I standard deviation .

Laboratory Depositional Measured
No. En vironment Sample Type "c Age x ka

Beta43951 estuarine Tapes ioatling i 6.1 :!: 0.08
Plebidonax deltoides

Beta78894 tsunami overwash Cabestana spengleri 0.33 :!: 0 06

Ages are envi ron mentally adjusted for ocean reservoir effect by 0.56 :!: 0.08 ka
Error terms are reported to 1 standard devi a tion

Cl:J/CI 'l

Ratio

1.0 %0

1.7 rlr",

Conventional
"'C Age X ka

6.6 :!: 0.08

0.77 :!: 0.06

ward side. Th e modal ag e for the barriers is the Last Inter 
glac ia l (F igure 5). Indeed , it is not difficult to find well de
fined barrier expos ures dating not only at the perceived Sub
stage 5e sea- level peak of 125 ka, bu t also lying at an ele
vation of a t least 3 m ab ove prese nt sea- level (YOUNG, et al.,
1993b). However, a signi ficant nu mber of barriers date at
Sub-s tage 5a and more importantly younger th an 80 ka.

In contrast, th e Gipps land Lak es coas t ha s un dergone up 
lift exceeding 105 mm ka - 1 over the Late Pleistocene (BRY
ANT and PRICE, 1995 ). The coastline cons ists of two paralle l
barriers labelled th e "Inner" an d "Outer" barrier and inter
preted respectively as Late Pleistocene and Holocene in age
(Figure 6). In actual fact , the Gippsla nd barriers are compos
ite fea tu res cons isting of sma ller sa nd bodies that have erod
ed and refor med over the las t 80 ka, preferentially at times
of interstadi a l sea-level stills tands (Figure 6). Th e ba rriers
themselves are not scarped, but appear as subd ued features
that in places have been overwash ed by later depos itiona l
events . For example at Sandy Point (Figure 1), a Late Plei s
tocene barrier dating at 84.6 ::':: 11.9 ka (W1555) and lying a t
an elevation of 15 m above present sea level , is backed 5 km
further inland by a you nger barrier sys tem lying at an ele
vation of 20 meters and dating at 41.7 ::':: 6.2 ka (W1655).
Additionally at Sperm Wha le Head, the In ner Barrier is
backed by two beaches situated on t he mainland at Bark Hill

at elevations of 5 and 8 m above sea -level (Figure 6). The
Inner barri er da ted as old as 65 ka (W1434-35), but one of
th e raised beaches yielded a TL age of only 14.3 ::':: 1.1 ka
(W1437).

Th e presence of TL ages younger tha n the Last Interglacial
Sub-stage 5e peak cannot be put down to failure of th e TL
dating techn ique. The same methodology has detected the ex
istence of more th an one Sub-stage 5e barr ier along th e coast
(YOUNG , et al., 1993b; BRYANT, et al., 1995), an d has dated
accurately th e Coorong Barrier seq uence in Sout h Australia
back to 800 ka (HUNTLEYet al., 1993). In New Sout h Wales,
it app ears tha t barrier eros ion has occurred since Sub-stage
5e and has been focused differentially a long the coast so tha t
some older ba rr ier remn an ts have been preserved. Sub se
quent recovery ph ases occur red mainly during Sub-stage 5a
with mino r rebuild ing during la ter stills ta nds. In the Gipps
land Lak es region, where preser vation of barriers should
have been aided by th e fact that th e coas tli ne has been un
dergoing conti nuous upli ft , hard ly any Last Interglacial bar
riers remain . Here abundant fluvial sand supplies have al
lowed ba rriers to form repeatedly inland of th e present coast
line dur ing interstadi al s (Figu re 6). This fact is anomalous
because, even with th e rates of rapid uplift occurring in the
regi on, interstad ial sea levels should be lower than present
ones .
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Figure 6. Evolut ionary model of La te Pleistocen e barrier development of the Gipp sland Lakes. Four intermitt ent phases of overla pping barrier eros ion
and su bsequent reconstruction have occur red sinc e the Last In terglacia l.
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Figure 7. Schematic stratigraphy an d chronology of th e Holocene bar
rier parti ally built by ts unami overwash at Bellambi , Wollongong, New
South Wales.

At first sight, the southeaste rn coast of Australia seems
unlikely to have preserved th e imprint of cata st rophic tsu
nami documented above . His tor ically, th e Sydney t ide gauge
has recorded tsunam i heights of only 1.0 m in 1868 an d 1877
and 0.8 m in 1960 (BRYANT, 1991). No records except for Ab
original myth s exis t be fore European set tlement in 1786. The
southeastern Australian coastline is also far removed from
curr ent Pacific Ocea n zones of tsunami activity (WOODS and
OKAL, 1987) and app ears seismica lly inac tive historically, at
least a t a level suffic ient to gen erate tsun amis locally.

In the past , rapid coasta l change, especia lly in sandy sedi
men ts, has been explained by invoking storms (THo M, 1974;
BRYANT, 1988; MORTON, 1988). Where sedime nts have previ 
ously incorporated boulders, the role of sto rms versus tsunami
has become problematic (BOURROUILH-LE JAN and TALAN
DIER, 1985; BRYANT et al., 1992a; J ONES and HUNTER, 1992;

DISCUSSION

process an d a different tech nique of analysis from that ap
plied to the marine quartz sa nds. The pumice has been ab
solutely zeroed becau se of volcanic heating, while the quartz
sa nds have been rezeroed by solar bleac hing . In addition, the
pum ice was ana lysed using the fine-grain technique on th e 2
micron fraction, while th e sa nds were analysed using th e
coarse-grain technique on the 90-125 micr on fraction. The
similar age between th e pumi ce and th e ts unami sands gives
credibility to the 22-26 ka Last Glacial age es timated for th e
deposit. However, it does not explain why sedimen ts are de
posite d at presen t sea level along a coast th at is tect onically
stable, when sea levels during th e Last Glacial should have
been much lower. Th e seque nce can be interpreted as repre
senting th e impact of a tsunami after 6.6 ka (ra dioca rbon
yea rs) . This tsunam i swept relict Last Glacial bea ch sedi 
ment, bypassed by th e Holocene tra nsgression, shorewa rd
from the she lf. In the process, th e tsunami entrained boulder
material from a headland 1 km awa y. The t ra nsport of sand
was so rapid that non e of th e sand was bleached of its TL
signal. Th e sedimen t consis ted mainly of bea ch sand becau se
it contained pum ice which was refloated to th e sur face of th e
sea by the t sunam i disturbance. The sa nd was deposited on
top of Holocene es tuarine clay alon g the modern shore line,
but at a sea-level elevation th at was a bout 2 m high er tha n
present. Being coated with organics, th e sand was rece ment
ed into humate. The freed pumi ce drifted into the lagoon on
sea breezes and was sealed in by the return of sa nd to the
beach following th e tsunami event .

The basic humate sequence occur s at other locati ons along
the southeas tern coast. At Kioloa, New South Wales, est ua
rin e clay is again over lai n by a 1.7 m thick splay of humate
cap ped by beach and Holocene dun e sa nds containin g heavy
mine ral layer s. Th e estuari ne clay yielded a TL age of 8.7 ::'::
1.7 ka while the overlying humate dated at 25.2 ::':: 3.4 ka . At
th e east end of th e Gippsland Lak es, similar anoma lous hu 
mate sa nds app ear in beach ridges. The sands date betw een
18.6 and 36.5 ka (W1257 and W1436 respect ively), are hu
mate cemen ted, and are positioned at th e sa me elevation as
Holocen e marine sediments.

22 .0 =2.6ka
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Sed imen ts

~ Hu ma le

CJJ Blea c hed sand

r2J Pumi ce

Dating tech nique _ TL .
14 C *

6 .6 =O.OBka,
200m

Holocene
Sed imen ts

o Beach l ac ies

o Dun e facies

10 0

Est uarine
Sedimen ts

o Plei stoc en e

o Holocene

Ta sma n Sea Present
\. inlet
'" 7. 4 ~ O.8ka. en tran ce

25 .6=3 .3 ka 2 2.0=3 .4ka 23. 0 =3.2k7

" .

The mechanism accounting for th e pattern of eros ion an d
bar rier preserv ation in both regions is hypothesised as bein g
repetitive catastrophic tsunamis. In New South Wales, th e
associate of barrier remnants along coas tl ine wit h elevated,
aligned boulder deposits and bedrock sculptured te rra in sup
ports this hypoth esis. In the Gippsland Lak es, the effective
extraction of Last Interglacial barriers, the overru nning of
barriers, and the repeated deposition of inters tadial barriers
at or above present sea level requires swamping of the coast
lin e t ha t only catas t rophic tsunami could pr ovide.

In both regions, there is evidence that tsuna mi have been
involved in th e accretion of barriers as well. The evidence is
characterised by the presence of an omalous marin e deposits
dating mainl y aro und 22- 26 ka and lyin g in juxtaposition
with Holocene sediments near present sea level. Atypical de
posits so far have been found at eight locati ons around th e
southeas te rn Australian coastline from Wollongon g to Lakes
Entrance (Figure 1). Th e age of the deposits do not represent
the tim e of deposition as sea levels were up to 130 m lower
at th is time. The best site displaying anoma lous deposition
can be found at Bellambi Beach, Wollongong (Figure 7). Her e
a 1.0-1.2 m thi ck hum ate beach sand contai ning isola ted
rounded boulder s lies on top of Holocene estua rine clay which
is overl ain by Holocene beach sand. The Holocene clay yield
ed a radiocarbon age of 6.6 ::':: 0.08 ka (Beta 43951) from es
tuarine shell (Tapes watlingi, Plebidonax deltoides ), while th e
Holocene sa nd gave a TL age of 7.4 ::':: 0.8 ka (W1214). The
humate in between was dated at four locations and gave TL
ages bet ween 22.0-25.6 ka (W1213, W1295- 97, maximum
standard deviation = 3.4). Moreover a TL determ ination was
made on a 20-30 ern thick pum ice layer which had floated
onto the humate nea r th e southern inlet. Th e pum ice yielded
an age of 25.2 ::':: 6.2 ka (W1402). The TL age of the pum ice
is important because it re presents both a different resett ing
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DAWS()]\;, Hl94 I. However, much of the latter debate deals with
isolated boulders or boulders chaotically mixed with sand de
posited on low lying coastal plains or atolls. The pattern of
stacked and aligned boulders along the New South Wales coast
has never been linked in the literature to storm waves or surg
es, but rather to large floods IYOUNCi, et al., 1995). Addition
ally, much of the latter evidence occurs along rocky coastlines
or on top of cliffs 33 m high. More importantly, even a casual
reconnaissance of the New South Wales rocky coastline will
show that storms are inadequate in accounting for the bedrock
sculptured features dominating the rocky coast. The uniform
alignment of such forms, often not structurally controlled, also
rules out chemical weathering. The largest storms measured
this century in 1974 and 1978 generated deep water waves of
only 10.2 m height, while the maximum probable wave for the
coast is only a few meters higher (YOULL, 1981 I. The effec
tiveness of these wave heights cannot be exacerbated at shore
by storm surges because the narrowness of the shelf and na
ture of storms limits surges here to less than 1.5 m (BRYANT,
19911. In addition, storm wave periods rarely exceed 15 sand
then for only very short durations. Waves bigger than this. but
more importantly of several minutes duration, are required to
account for the sustained high velocity flows required to sculp
ture highly resistant bedrock. Tsunamis appear to be the only
mechanism capable of providing these conditions along the
coast.

The source of the tsunami responsible for the features de
scribed in this paper have yet to be defined and located with
certainty. The prime source, without doubt for events from
the southeast, would appear to be the Macquarie Ridge at
the edge of the Australian plate southwest of New Zealand.
The region has generated 12 earthquakes with magnitudes
greater than or equal to Ms 7.0 between 1920-84 (JONES and
MCCUE, 1988). Macquarie Ridge has historically produced
numerous small tsunamis measured on tide gauges along the
southeastern coast of the continent; however rarely have
wave heights exceeded 0.1 m. Refraction analysis however
indicates that tsunami waves from here will impinge pref
erentially along the southeastern coast of New South Wales.
Earthquakes along Macquarie Ridge theoretically have the
capability of generating a wave train consisting of 70-100
individual waves which can significantly impact upon the
coastline. Such a source is all the more likely and effective
for the Gippsland Lakes given the region's closer proximity
and the funnelling effect of bathymetric contours leading
from the Tasman Sea into Bass Strait, nor can volcanic ac
tivity be ruled out. An active volcano, which has received lit
tle study, exists at 400S in the Tasman Sea (MCCUE, Pers.
Comm., 1993\.

However earthquakes and volcanoes, while perceived glob
ally as the cause of most tsunamis, may not be sufficient to
generate the type of superwaves which the sedimentary and
erosional evidence in New South Wales demands. Underwa
ter sediment slides, comets and meteorite impacts are all pos
sible mechanisms in the Tasman Sea region. While distant
underwater slides such as the Lanai event in Hawaii have
been invoked to account for the erosion and bedrock sculp
turing at Tura Point (YOUNG and BRYANT, 1992), local slides
off the Australian continental shelf cannot be ruled out. Re-

cently, super-sidescan acoustic imaging by the Australian
Geological Survey Organisation has detected the presence of
a very large landslide, measuring 10 '< 20 km, on the conti
nental slope 35 km offshore from Bellambi (JENKINS and
RAWS()N, 1994-95\. While undated, this slide would be a
prime candidate for the tsunami that deposited older shelf
sediment described above on the Holocene barrier along the
adjacent coast (Figure 7l. Finally, bedrock sculpturing on
rock platforms has not been documented in the literature out
side Australia as a feature produced by earthquake-gener
ated tsunami. In near-glacial environments, such features re
quire flow velocities of 5-10 m s 1 to form (BAKER, 1981;
Ko«, et al.. 1991). Superwaves have exceeded these velocities.
For example the Lituya Bay Alaskan earthquake and result
ing landslide of 1958 generated a tsunami that surged 525 m
above sea level and obtained velocities of 210 km hr 1 (HuG
(;ETT. 19891. However, this event was contained within an
inlet and flow velocities were not sustained for any length of
time. Hence, the wave only produced surficial stripping of
hedrock. Given the presence of sculptured bedrock along 300
km of the New South Wales coastline, a bigger type of event
is necessary and the impact of a comet or meteorite into the
Tasman Sea cannot be dismissed. HU(;(;ETT (1989) has cal
culated that the impact of an object as small as 0.83 km in
diameter striking an ocean could produce superwaves 50 m
or more high travelling at speeds in excess of 200 m sec I.

Even an object with a diameter of only 0.2 km entering the
Tasman Sea could produce run-up 10-100 m high. The oc
currence of such events is not that rare in terms of the Late
Quaternary. An extraterrestrial object, 0.2 km in size, has a
theoretical recurrence interval for the Pacific Ocean of 24
43,000 years !HUGGETT, 1989).

The events in southeastern Australia are repetitive
throughout the Late Quaternary. Based upon thermolumi
nescence dating and stratigraphic mapping, one large event
occurred at the end of the Last Interglacial along the New
South Wales coast (YOUNG and BRYANT, 1992, 1993). Ther
moluminescence dating of barrier sediments in the Gippsland
Lakes region suggests that other events took place there
throughout the Late Quaternary probably around times of
interstadial sea-level high stillstands (BRYANT and PRICE,
1995l. Evidence in both regions suggests that the coastline
was swamped again shortly after sea-level reached its pres
ent level around 7 ka. Anomalously aged Late Glacial sand
has onlapped the coast and has been covered or blocked from
the ocean by Holocene sand. Other evidence exists suggesting
that tsunamis affected ernbayments along the coast around 3
ka (BRYANT, et al., 1992a). Recently, a deposit of mixed sand
and boulders deposited from suspension flow was found at
elevations greater than 20 m at Atcheson Rock (Figure 3).
This sand forms part of the evidence, reported above, for a
major tsunami event affecting the coast from the southeast.
The TL age of this sand is less than 4.3 ± 0.6 ka (W1782
83); however a HC age of 0.77 ± 0.06 ka (Beta 78894) was
obtained from a marine shell, Cabestana spengleri. lying
within the deposit. Similarly, young radiocarbon dates have
been obtained from other suspect tsunami deposits in the re
gion (BRYANT, et al., 1992a), and it now appears likely the
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most recent large event occurred along the South coast within
the last 800 years.

There is no reason why the evidence for the role of repeti
tive tsunamis in coastal evolution described here for south
eastern Australia should not have more universal relevance.
Other coastlines have far better defined events producing
large tsunami than the southeastern coast of Australia. The
North Sea coastline was affected by the Storegga slide (DAW
SONet al, 1988; HARBITZ, 1992), the islands in the Hawaiian
region were swept by mega-slides throughout the Pleistocene
IMoORE and MOORE, 1988; MOORE et al., 19941; on the San
riku coast and Ryukyu Islands of Japan (OTA, 1'1 al., 1985;
MINOURA and NAKAYA, 1991; MINOURA et al., 1994) and the
western North American coastline tsunami sedimentation
has been documented for the Late Holocene (ATWATER, 1987;
DARIENZO and PETERSON, 1990; CLAGUE and BORROWSKY,
19941. These areas should be examined systematically and
more broadly for supportive evidence.

More importantly, the evidence found in southeastern Aus
tralia for tsunamis comes from the very coastline where grad
ualist concepts of coastal processes have been defined. The
beaches of southeastern Australia provided the field evidence
for the conceptualisation of reflective-dissipative morphodyn
amic and sedimentological models (BRYANT, 1982; SHORT
and WRIGHT, 1984; SHORT, 1986). These concepts may have
little relevance to the long term evolution of the coastline.
Additionally, the views expressed in the literature on the for
mation of coastal rock platforms and clifflines may be in need
of revision. While chemical and mechanical weathering pro
cesses operating at rates of 1-5 mm yr I are perceived in the
literature as the main mechanisms shaping rocky coasts
(TRENHAILE, 1987; SUNAMURA, 1992), most of the bedrock
coastline of southeastern Australia is relict, having been
shaped over the space of several days by catastrophic waves,
in some cases up to 100 ka ago without significant modifi
cation since. The models of bedrock sculpturing attributed to
catastrophic flow in near-glacial environments explain better
the coastal geomorphology of the southeastern Australian
rocky coastline than the concepts presently outlined in the
coastal literature.

Finally, models of barrier formation that have been for
mulated for the coastline may need revision (YoUN(; et aI.,
1993a). Transgressive barriers are theorised to have formed
either as the result of the postglacial marine transgression
or as a response to coastal processes at present sea-level. Bar
riers are formed at a stable sea level over the last 6.,5 ka in
a complex manner with interfingering of nearshore, washover
and lagoonal facies. The Bellarnbi barrier is a striking excep
tion to these models. Not only is the barrier not recessional,
but it also consists of interfingering of Holocene sediment and
Pleistocene beach sand transported in bulk from the shelf by
tsunami. In the case of the Gippsland Lakes, the barriers
appear to represent significant accretion by tsunami over
wash, not only at present day sea-levels but also during in
terstadial high sea level stillstands.

CONCLUSIONS

The existing concepts of gradualism in coastal geomor
phology encompassing beach processes, barrier construction

and rocky shoreline erosion apparently are limited in explain
ing the long-term evolution of the coastline of southeastern
Australia. The coastal landscape here is mainly inherited, be
ing the product of repetitive, rapid, catastrophic wave over
washing and erosion of the coast. Tsunamis, rather than
storms, appear the more likely mechanism. If the most recent
large tsunami event to strike the coastline is as recent as SOO
years ago, then the geomorphic change being measured today
represents a certain degree of post-tsunami recovery. It is
hoped that the evidence summarised here will initiate a
change in emphasis in the current thinking about the mech
anisms responsible for the evolution of coastlines during the
Late Quaternary and Holocene, especially for coastlines that
may have been subject to repetitive tsunami impact. In short,
the recognition of well-documented catastrophic flow events
that have revolutionised fluvial geomorphology over the last
two decades (BAKER, 1981) should be considered as a viable
alternate explanation to storms in coastal geomorphology.
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